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NBS TIME V I A  SATELLITES 

As a complement t o  t h e  present  t ime and f requency services 
o f  WWV, WWVH, and WWVB, t h e  National Bureau o f  Standards 
(NBS) is now sponsoring a satell i te-disseminated time code us ing  
t h e  GOES* satell i tes o f  t h e  National Oceanic and Atmospheric 
Admin is t ra t ion (NOAA) [ I ] .  T h e  time code i s  referenced t o  the  
UTC( NBS) time scale and g ives Coordinated Universa l  Time (UTC).  
NOAA considers it a permanent feature of t h e  GOES satell i tes, 
in tended t o  serve t h e  GOES users.  It may, however, be used by 
others needing a general purpose time reference. The  time code 
i s  available t o  the  en t i re  Western Hemisphere f rom two satell i tes 
on  a continuous basis. 

1. BACKGROUND 

T h e  GOES satell i tes a re  in o r b i t  36,000 kilometers above the  
equator .  They  t rave l  a t  about 11,000 kilometers p e r  h o u r  and 
remain cont inuously  above t h e  same spot on ear th .  They  are 
t h u s  termed geostat ionary. Since t h e y  always have t h e  same 
regions o f  ea r th  in view, t h e y  can p rov ide  24-hourI continuous 
service. 

GOES i s  an operational descendant o f  NASA's Applications 
Technology Satell i tes. Experiments us ing these satell i tes c lear ly  
demonstrated t h a t  ear th-synchronous spacecraft are usefu l  f o r  
observ ing environmental condit ions. The  GOES satell i tes p rov ide  
meteorological observations f o r :  

- Continuous storm tracking - Cloud analysis -- density, temperature, 
height , wind velocity 

* Surface temperature mapping 
* Space environment sun/earth interaction 
* Collection of rain, snow, flood, Tsunami, 

earthquake, air/water pollution data 

A time code i s  inc luded in t h e  satell i te transmissions t o  add 
time and a date t o  t h e  data collected by t h e  remote sensors, t h u s  
making t h e  data much more useful.  T h e  time code is  p a r t  of t h e  
in ter rogat ion channel which is used t o  communicate w i th  t h e  
remote sensors. The  in ter rogat ion messages and time code are 
prepared and sent t o  the  GOES satell i tes f rom Wallops Island, 
V i rg in ia .  NBS maintains atomic clocks, referenced t o  UTC(NBS), 
a t  t h i s  s i te  t o  generate t h e  time code. 

*GOES stands f o r  Geostationary Operational Lnv i ronmenta l  Satel l i te. 
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FIGURE 1 .  COVERAGE OF THE GOES SATELLITES. 
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2. COVERAGE 

There  are th ree  GOES satell i tes in o rb i t ,  two in operational 
status w i t h  a third se rv ing  as an i n - o r b i t  spare. The  two opera- 
t ional satell i tes are located a t  135' and 75' West Longitude and 
the  spare i s  a t  105' West Longitude. 

T h e  ea r th  coverages o f  t h e  two operational satell i tes a re  
shown in f i g u r e  1 .  The  heavy oval l ines over lap t h e  points  on 
ea r th  where each satel l i te i s  7 O  above the  horizon. The  l i gh te r  
l ines represent  a 3' elevation angle. 

3. SIGNAL CHARACTERISTICS 

The  signal characterist ics are summarized below. The  signals 
phase-shi f t  modulate the  ca r r i e r  and a re  r i gh t -hand  c i r cu la r l y  
polarized. Reception o f  these signals requi res t h e  use o f  a rela- 
t i v e l y  small antenna and a coherent synchronous d ig i ta l  receiver .  

MODULATION CPSK ( 2  60') CPSK (i: 60') 

DATA RATE 100 BPS 100 BPS 

SATELLITE LOCATION 135' W 75' w 
SIGNAL STRENGTH 

ISOTROPIC ANTENNA) 
(OUTPUT FROM -139 dBm -139 dBm 

CODING MANCHESTER MANCHESTER 

4. DATA FORMAT 

The  time code i s  t ime-division-mult iplexed ( interlaced) w i t h  
in ter rogat ion messages. Once eve ry  half-second, a time code 
word, 4 bi ts ,  is t ransmi t ted (see f i g u r e  2 ) .  A complete time code 
i s  t ransmi t ted eve ry  30 seconds, beginn ing on  t h e  half-minute, 
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TC I N T E R R O G A T I O N  TC I N T E R R O G A T I O N  TC I N T E R R O G A T I O N  TC 
YORD MESSAGE YORO MESSAGE YORD MESSAGE YORD 

TIME CODE FRAME~CONSISTING O F :  

I N T E R R O G A T I O N  
MESSAGE 

* S Y N C H R O N I Z A T I O N  YORO 
* D A Y S .  HOURS, M I N U T E S ,  SECONDS 
* U N I V E R S A L  T I M E  CORRECTION 
* S A T E L L I T E  P O S I T I O N  

F IGURE 2 .  INTERROGATION CHANNEL FORMAT. 

40 32 8 20 16 16 28 80 

'InE OF I I LONG 1 L A 1  I R A O  I RF:2. I E X P E R I M E N T A L  USE SVNC 

30 SECONDS 
C O R R E C T I O N S  

T I M E  FRAME 
B E G I N S  ON 
OD AND 30 
SECONDS UTC F IGURE 3. TIME CODE FORMAT. 

giving day  o f  year, hou r ,  minute, and  second. T h e  format i s  
shown in f i g u r e  3, beginn ing w i t h  a sync word  (40 b i t s  o f  alter- 
na t i ng  1's and  O's) ,  a t ime-of-year message, U T I  correction, and 
satel l i te posit ion. 

5. ANTENNA POINTING 

Point ing an antenna t o  e i ther  satel l i te i s  re la t ive ly  simple. 
Because o f  t h e  large beamwidths o f  low-gain antennas (<IO de), 
po in t i ng  i n t o  t h e  general d i rect ion o f  t h e  satel l i te i s  usual ly  
suf f ic ient .  However, t h e  antenna must be located so it has an 
unobstructed pa th  t o  t h e  satell i te. F igures 4 and 5 p rov ide  
detai led information f o r  antenna point ing w i t h  elevation and azi- 
mu th  angles prov ided.  For example, t h e  po in t i ng  d i rect ions t o  t h e  
eastern satell i te f rom San Francisco can b e  obtained f rom f i g u r e  5 
as approximately 119' azimuth and  24' elevation. 

6. PERFORMANCE 

The  GOES time code can be used a t  t h ree  levels o f  per form- 
uncorrected, corrected f o r  mean pa th  delay only, and f u l l y  ance: 

corrected.  
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UNCORRECTED 

T h e  pa th  delay f rom po in t  o f  o r i g i n  (Wallops Island, V i rg in ia)  
t o  t h e  ea r th  v ia  t h e  satel l i te i s  approximately 260,000 microsec- 
onds. Since t h e  signals are advanced in t ime by th i s  value 
before transmission f rom Wallops Island, t hey  a r r i v e  a t  t h e  ear th ls  
sur face near l y  on  time (w i th in  16 mill iseconds). 

T h e  pa th  delay, as observed a t  a f i x e d  location, var ies in a 
cycl ical fashion during each day because t h e  satell i tes' o r b i t s  are 
n o t  pe r fec t l y  c i r cu la r  and t h e i r  o rb i ta l  planes are usual ly  s l i gh t l y  
inc l ined w i t h  respect t o  t h e  equatorial plane. The  peak-to-peak 
magnitude o f  t he  delay var ia t ion depends on the  satel l i te o r b i t  
eccentr ic i ty  and incl ination but t yp i ca l l y  amounts t o  a few hundred  
microseconds [ 21. Occasional discontinuit ies o r  a b r u p t  changes in 
t h e  pa th  delays may b e  observed due t o  satel l i te maneuver opera- 
t ions performed t o  contro l  t he  satell i tes' orb i ta l  posit ions w i th in  
cer ta in  prescr ibed l imits. 

CORRECTED FOR MEAN PATH DELAY 

Account ing f o r  t h e  mean pa th  delay t o  any po in t  on the  
ea r th ' s  surface, but i gno r ing  t h e  cyc l ic  (24-hour) delay var ia t ion 
genera l ly  guarantees t h e  signal a r r i va l  t ime t o  2 0.5 mill isecond. 
For example, t h e  mean delay t o  San Francisco t h r o u g h  t h e  eastern 
satel l i te is  130.5 mill iseconds downl ink ( f rom f i g u r e  7) p lus  124.5 
mill iseconds u p l i n k  delay, f o r  a total of 255 mill iseconds. Since 
t h e  time i s  advanced by 260 mill iseconds before leaving Wallops 
Island, t he  time a r r i ves  a t  San Francisco 5 mill iseconds ear ly .  
Path delay var ia t ions of several h u n d r e d  microseconds d u r i n g  a 
day  wil l  t yp i ca l l y  be observed as in t h e  "uncorrected" case. 

FULLY CORRECTED 

As mentioned earl ier, t h e  cyc l ic  delay var ia t ion i s  a r e s u l t  o f  
t h e  satel l i te o r b i t  o r  pa th  around t h e  ea r th  n o t  be ing pe r fec t l y  
c i r cu la r  and n o t  in t h e  plane of  t h e  equator. T h e  o r b i t  is actua l ly  
an ell ipse and has a small incl ination--usually less than  Io. To 
compensate f o r  these and o the r  effects, t he  satel l i te posit ion i s  
inc luded w i th  the  time message f o r  correct ion o f  path delay by 
t h e  user .  

T h i s  correct ion usual ly  prov ides path delays accurate t o  
be t te r  t han  +50 microseconds, except f o r  occasional b r i e f  periods 
when available satell i te t rack ing  data may be o f  reduced qua l i t y .  
The  ult imate accuracy o f  t h e  recovered time depends upon know- 
ledge o f  user  equipment delays and noise levels as well as the  
pa th  delay. Experience a t  NBS over  a per iod o f  several years 
indicates t h a t  t he  overal l  accuracy o f  t h e  received time code f rom 
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ei ther  GOES satell i te, when corrected, normally remains well w i th -  
in 2100 microseconds w i th  respect t o  t h e  UTC(NBS) time scale [2 ] .  

7. EQUIPMENT 

F igu re  8 shows one antenna used by NBS w i th  sat is factory  
resul ts .  The  antennas can be o f  small size and pointed in t h e  
general d i rect ion o f  t h e  satell i te. T h e  NBS-designed receiver in 
f i g u r e  9 i s  completely automatic, r e q u i r i n g  no  tuning o r  aux i l l i a r y  
equipment t o  operate. Commercial vers ions o f  t h i s  equipment are 
now available. A l i s t  o f  manufacturers  may b e  obtained f rom Time 
and Frequency Services ,  524.00 ,  NBS, 325 Broadway, Boulder, 
CO 80303. 

8. PRECAUTIONS 

INTERFERENCE 

Since t h e  GOES time code i s  t ransmi t ted outs ide t h e  spectrum 
reserved exc lus ive ly  f o r  t ime and  f requency  broadcasts, it cannot 
b e  considered an NBS serv ice  in t h e  same sense t h a t  WWV, W- 
and  WWVB a re  services. T h e  "land-mobile'' services and  t h e  
GOES in ter rogat ion channels use t h e  same f requency  allocations 
(468.8250 and 468.8375 MHz), which means t h e  time code may 
su f fe r  in ter ference f rom land-mobile transmissions. T h i s  i s  p a r -  
t i cu la r l y  t r u e  in u r b a n  areas where the re  i s  a high densi ty  o f  
land-mobile ac t i v i t y .  The  satel l i te f requency  allocations a re  
secondary t o  t h e  land-mobile services. Therefore, any such 
in ter ference must b e  accepted by t h e  time signal users. Com- 
p la in ts  t o  t h e  FCC wi l l  n o t  resu l t  in any  adjustments in favo r  o f  
such users.  

Because o f  t h e  spacing o f  f requency  assignments t o  t h e  
land-mobile users, t he re  i s  f a r  less in ter ference t o  t h e  eastern 
satel l i te signals than  t o  t h e  western satel l i te signals. Therefore, 
t h e  eastern satel l i te should b e  used by those users situated in 
large u r b a n  areas. 

OUTAGES 

Al though the  GOES satell i tes t ransmi t  continuously, t he re  
may be i n te r rup t i ons  during t h e  per iods o f  solar eclipses. The  
GOES satell i tes undergo s p r i n g  and autumn eclipses d u r i n g  a 
46-day i n te rva l  a t  t h e  vernal  and autumnal equinoxes--i .e. , March 
1 t o  A p r i l  15 and September 1 t o  October 15. T h e  eclipses v a r y  
f rom approximately 10 minutes a t  t h e  beginning and end o f  eclipse 
per iods t o  a maximum o f  approximately 72 minutes a t  t h e  equinox. 
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FIGURE 8. ANTENNA USED BY NBS TO RECEIVE GOES T I M E  CODE. 

F IGURE 9. GOES T I M E  CODE RECEIVER. 
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Under  opera t ing  procedures in e f fec t  since January 1983, 
NOAA t rans fe rs  t h e  time code dissemination func t ion  f rom t h e  
operational east and west satell i tes t o  t h e  spare satell i te (105' 
W longi tude) f o r  two-hour  per iods each day  during t h e  eclipse 
per iods.  These two-hour per iods are  scheduled f rom 0400-0600 
UTC f o r  GOES/East and 0800-1000 UTC f o r  GOES/West. Dur ing  
these times, the  posi t ion data t ransmit ted in the  time code message 
may no t  be co r rec t  f o r  t he  spare satell i te, resu l t i ng  in erroneous 
computed values f o r  t he  pa th  delay f o r  receivers opera t ing  in the  
" fu l l y -cor rec ted"  mode. Ou tpu ts  f rom receivers opera t ing  in the 
"uncorrected" mode may also be  sh i f ted  s ign i f i can t ly  during these 
per iods since t h e  pa th  delay t h r o u g h  t h e  spare satell i te wi l l  
normally be substant ia l ly  d i f fe ren t .  Depending o n  the  beamwidth 
character ist ics and po in t ing  o f  t h e  antenna used, t h e  t rans fe r  o f  
t h e  time code t o  t h e  spare satell i te during eclipse per iods may 
resu l t  in loss of  signal. NBS i s  c u r r e n t l y  consider ing rev ised 
procedures during eclipse operations which may alleviate some o f  
these problems. A n y  f u t u r e  changes wi l l  be  announced in the  
NBS Time and Frequency Bullet in (available monthly upon request  
t o  Time and Frequency Services ,  524.00, NBS, 325 Broadway, 
Boulder, CO 80303). 

There  are no  regu la r l y  scheduled time code outages f o r  
equipment maintenance. Continuous, rel iable operat ion i s  assured 
by the  use o f  t r i p l y - redundan t  time code generat ion systems a t  
NOAAls Wallops Island, V i rg in ia ,  fac i l i ty .  In t h e  event  o f  any 
problems in the  overal l  GOES time code d i s t r i bu t i on  system t h a t  
can a f fec t  users, appropr ia te  messages are prov ided by NBS v ia  
t h e  fo l lowing two channels: 

- NBS Time and Frequency Bu l le t in  (monthly); and 

- USNO (U. S. Naval Observa tory )  Automated Data 
Service, Washington, DC. The  USNO system may be  
accessed 24 h r s /  day by telephone us ing  any  o f  a 
va r ie t y  o f  standard data terminals opera t ing  a t  300 
o r  1200 baud w i th  even pa r i t y .  A b r i e f  status r e p o r t  
f o r  t he  GOES time code system may be obtained by 
the  fol lowing procedure:  

1) Access t h e  USNO system by d ia l ing  (202) 653-1079 
(commercial); 653-1079 (FTS); o r  294-1079 (Auto-  
von).  

2) A f te r  responding t o  the  prompt  ask ing  f o r  you r  
ident i f i ca t ion  (e.g., name and  organization), 
reques t  t he  NBS GOES status f i l e  by typing 
"@NBSGO" followed by a car r iage re tu rn ;  and 

3) A t  t he  conclusion o f  t he  status message, t y p e  a 
Control-D t o  disconnect. 
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9. FOR FURTHER INFORMATlON 

For  f i i r t h e r  informat ion on t l i e  GciES time i a d e  system Gi' 
operational procedures,  contact: R. E. Beehler, 5 2 4 . 0 i ) ,  NBS,  
325 Broadway, I i o u l d e r ,  CO 80303.  
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